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Abstract

Synchrotron radiation, beam-gas scattering and beam@liactions with collimators and
other components in the ILC beam delivery system (BDS) waeoddte fluxes of muons and
other secondaries which could exceed the tolerable levelslatector by a few orders of mag-
nitude. It is shown that with a multi-stage collimation gt magnetized iron spoilers which
fill the tunnel and a set of masks in the detector, one can hitipefieet the design goals. Re-
sults of modeling with thesTRUCT and MARS15 codes of beam loss and energy deposition
effects are presented in this paper. We focus on the coltimalstem and mask performance
optimization, short- and long-term survivability of thetimral components (spoilers, absorbers
and magnets), dynamic heat loads and radiation levels imatagnd other components, and
machine-related backgrounds in collider detectors.
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Abstract

Synchrotron radiation, beam-gas scattering and beam parameter ILC-500
halo interactions with collimators and other components in Center of mass energy, GeV 500
the ILC beam delivery system (BDS) would create fluxes Number of particles per bunch|  2x 10"
of muons and other secondaries which could exceed the Number of bunches per train 2820
tolerable levels at a detector by a few orders of magnitude. | Separation between bunches, ns 337
It is shown that with a multi-stage collimation system and Repetition frequency, Hz 5

. . . e Average current (each beamA 45.1
magnetized iron spoilers which fill the tunnel one can meet
the desi Is. R Its of modeli ith BR 1 Beam power (each beam), MW 11.3

e design goals. Results of modeling wi ucT] ]_ _ Normal. emitt. x.y, mrmrad 10, 0.03
andMARS15 [2] codes_ of peam loss and energy deposr_uon Beta function at IP, x,y, mm | 15.233, 0.408
eﬁects are presented in this paper. We foqus on the collima- Beam size at IP, x,yg(), nm 553, 5
tion system and mask performance optimization, short- and Fractional halo on collimators 0.1%

long-term survivability of the critical components (spoil

Table 1: ILC beam parameters.

ers, absorbers and magnets), dynamic heat loads and radia-

tion levels in magnets and other components, and machirfgeely through the aperture of the elements on the opposite

related backgrounds in collider detectors. side of the IP. This requires to keep the beam halo size in
the final doublet at®, and 6%,,.

BEAM PARAMETERSAND
ASSUMPTIONS

For simulation of the ILC (Table 1) collimation system
efficiency, the beam halo was represented yra@s with
1/x and 1/y density distributions on betatron amplitudes in
the ranged,=(5-13), and A,=(36-93),, with the Gaus-
sian momentum distributiom(Ap/p)=1%. The amplitude
range was chosen to appropriately overlap the design colli-
mation depth. Such a halo distribution maximizes the frac-
tion of particles that can interact with the spoiler edges,
producing large number of out-scattered particles from the
spoilers. It is a more pessimistic assumption than, for ex-
ample, a uniformly distributed halo with the same maxi-
mal range. All results below are normalized to 0.1% of the
beam intensity in the halo hitting the collimators.

COLLIMATION SYSTEM
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Figure 1:8, , and dispersion in the collimation region.

To reduce energy deposition density in primary colli-

mators (betatron spoilers SP2, SP4) they are located in

The collimation system is intended to localize the bearﬁigh-ﬁz_y regions (Fig. 1) with a 90 phase advance be-
loss in a specially equipped part of the BDS to minimizgyeen them. The off-momentum spoiler SPEX is in a high
particle loss in the IP region. The philosophy of the colligispersion region, where off-momentum particles can be
mation is to use large aperture magnets and collimate thgfely absorbed. The betatron spoilers are 0,grédia-
beam at largest possible amplitudes to avoid excessive pPkgsn length) thick, momentum spoiler is 1,Xabsorbers
duction of muons. Besides, it is well understood that thgnq synchrotron radiation masks (MSK1,2) are 30 and
synchrotron radiation photons produced by the beam halgectron masks (PC) are 15X The spoilers are located
in the final focus system upstream of the IP should pasg g,, and 6%,. To prevent damage of the BDS compo-
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nents, the halo particles are allowed to interact only with
thin spoilers, with all the thick collimators positioned-fa
ther from the beam at 160, and>15Q,,.
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particle loss

Table 3: Characteristics of photons lost on PDUMP,

. R T P i MSK1, MSK2 and passed through IP.

s 100 + 1 element Mean Photons | Photon energy|
g energy number per bunch

° 1r | 1 GeV per bunch GeV/bunch
'E 001 L 1 synchrotron radiation from beam halo

lostat PDUMP | 0.752E-04 | 0.373E+07| 0.280E+03

mm | ] lostat MSK1 | 0.155E-03 | 0.116E+07| 0.179E+03
| N lostat MSK2 | 0.300E-04 | 0.768E+05| 0.230E+01
800 1000 1200 1400 1600 1800 2000 2200 pass through IP| 0.320E-02 | 0.422E+07| 0.135E+05

0.0001 [~

Path length, m
‘ ‘ ‘ bremsstrahlung photons from beam halo
1e+06 - photon loss q lost at PDUMP,
10000 SP2 SP4 SPEX 1P MSK1, MSK2 0 0 0
100 1 pass through IP| 0.140E+00| 0.400E+03| 0.561E+02
1t | 1 synchrotron radiation from beam core
001 | E lost at PDUMP | 0.740E-04 | 0.426E+10| 0.315E+06

lost at MSK1 0.683E-04 | 0.464E+10| 0.317E+06
lost at MSK2 0.305E-04 | 0.396E+09| 0.121E+05

0.0001 -

1le-06
1le-08
| | |

600 800 1000 1200 1400 1600 1800 2000 2200
Path length, m

Photon loss, W/m

pass through IP| 0.398E-03 | 0.383E+10| 0.152E+07

. _ . Synchrotron radiation power intercepted by the masks from
Figure 2: Electron (top) and photon (bottom) loss in BDSh 5|6 js three order of magnitude less compared to that from
the beam core. Transverse profiles of photons generated by

Calculated electron and photon losses in the BDS aff€ beam halo and core are presented in Fig. 3. The narrow
presented in Fig. 2. Power of bremsstrahlung photons af@re-related distribution is emitted in the last bendingma
secondary electrons generated in the spoilers, and then fifts located at 90 m upstream the IP. All photons generated
tercepted by the collimators are shown in Table 2 for varon the masks have energy below 0.5 MeV, while photons
ous collimator apertures. The bremsstrahlung photons cop@ssing through the IP are in the 1 to 100 MeV range.
tribute ~50% of the total power.

0.01 F ‘ tight aberture bf collim‘ators ]
Table 2: Photon and secondary particle loss on selected § 0001} . colimatorsat4mmand (20 X200) sigma - 4
collimators with a tight collimator aperture-C mm) and § 0.0001 f L, 1
enlarged apertures. & teos| L ]
Path tight ~+ e~ + et power, W § 1e-06 | I 1
length | posit. xly collimator position 5 1e07 b i ]
element m mm/mm | tight | 3mm [ 4mm | 5mm = —
PC1 | 954.7 | 1.3/0.7 | 2707 | 1331 | 869 | 552 leG8p ‘ ‘ ‘ L .
PC2 1020.7 1.1/0.7 40 372 392 368 -1600 -1400 -1200 -1000 -800 -600 -400 -200 0
PC3 | 1076.9| 2.8/1.5 | 1.4 | 208 | 248 | 259 Path length, m
PC5 | 11330\ 1.8/0.7 | 1845| 693 | 404 | 239 Figure 4: Collimation system efficiency.
PC6 | 1216.7| 1.8/0.7 | 132 | 786 | 910 | 924
PC8 | 1398.4| 0.7/0.7 | 2626 | 627 | 317 | 186
PC9 | 1450.1| 0.7/1.2 | 617 | 2258 | 2299 | 2153 0.0001 ‘

T ‘tight aberturé of collimators
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Figure 3: Transverse distribution of photons at IP from The collimation system efficiency is presented in Fig. 4,
beam halo and core. where a fractional loss of charged-halo particles, integia

back, starting at the IP, and normalized to the nominal
Characteristics of photons lost on masks MSK1 anbtunch charge are shown. The number of charged-halo par-
MSK2 at 50 m and 13 m from the IP, on PDUMP and thosécles per bunch, normalized to the nominal bunch charge,
passed through the detector aperture are shown in Tableir3a rectangular x-y window at the entrance to the final dou-



blet, is shown in Fig 5. The scale factor K defines the win-
dow: for K=1, the window corresponds to the collimation
requirements. Three cases are presented in both figures:
tight collimator aperture1 mm) and larger apertures of
3and 4 mm.

RADIATION LOADSIN BDS

Energy deposition effects in the BDS and muon back-
grounds on a collider detector were simulated with the
MARS15 code [2]. The model includes all the BDS ele-
ments with their geometry, materials and magnetic fields
as well as a tunnel with concrete walls surrounded by dirt.
Phase coordinates of particles lost on the spoilers - as de-
scribed in previous section - are taken from #$m®ERUCT
runs. The reference orbit and phase space propagation cal- § Aosorted Duse (Gyi)
culated withMARS15 coincide with those fronsTRUCT. | mereiiam ) )
Main features ofiARs dynamic heat load distributions are Figure 6: Absorbed dose isocontours in the quadrupole
similar to those shown in Fig. 2, although details and vadownstream of the mask PC1.
ues are somewhat different because of the difference in the
cutoff energies: 0.1 MeV imARS with full shower model- for two iron spoilers 9 and 18 m thick at 648 and 331 m
ing and 5 GeV INSTRUCT. MARS gives about 50 W/m for from the IP, respectively. The square spoilers are extended
the spoilers SP2, SP4 and SPEX, and much higher valuelsy 0.6 m in the tunnel walls and dirt on each side. The field
up to 10 kW/m - for the masks PC1, PC5, PC8 and PC9. of 1.5 T is used in opposite polarity on left and right sides

The hottest BDS element besides the collimators is tHe compensate it at the beam pipe center. Preliminary re-
first quadrupole downstream of PC1. Fig. 6 shows atsults show that the muon fluxes at the detector are reduced
sorbed dose isocontours on its upstream end. The peak almost a factor of 8000 to about 1 muon in the tunnel
dose in the coils exceeds 100 MGyl/yr to be compared t&perture for 150 bunches.

the epoxy radiation damage limit of 4 MGy. Obviously, A;Tﬁw_ . S __T -
a = N &
Lo

further optimization of protection collimators is needed i
- |
e

cluding increase of their lengths from 0.2 m to about 0.4 m,
and one should consider use of non-organic insulation for
the quadrupoles in such hot spots. Residual dose rate on
the upstream end of the above quadrupole is 8.6 mSv/hr
and can be reduced to a desirable levekafmSv/hr with
longer protection collimators.

Depending on the site, the ground water activation limits
outside the tunnel at the locations of the hottest masks can
be exceeded. To provide adequate water protection with
some safety margin, one needs to surround these elements
with shielding.
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A lot of muons are generated - predominantly as Bethe-
Heitler pairs - in electromagnetic showers induced in the  Figure 7: Muon flux isocontours on the detector.
collimators and other BDS elements during the beam halo
cleaning. Fluxes of these muons accompanied by other sec-
ondary particles, could exceed the tolerable levels at the REFERENCES

detector by a few orders of magnitude. Fig. 7 shows muo .
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